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Abstract of JP 2001094526 (A) 

PROBLEM TO BE SOLVED: To obtain a 
communication method which can maintain constant 
communication quality always on a high level 
without deteriorating characteristics even in 
communication environment wherein the influence 
of noise is large. SOLUTION: This communication 
method includes a 1st tone set moving step wherein 
a transmission line is monitored in a regular 
communication state and a tone set is moved in the 
absence of a token securing a specific S/N, a 2nd 
tone set moving step wherein the tone set is not 
moved in the presence of at least two tones 
securing the S/N and the tone set is moved when it 
is judged that one tone securing the S/N is present 
and communication quality can be maintained by 
moving the tone set in the same tone group,; and a 
tone group moving step wherein the tone group is 
moved when it is judged that the communication 
quality can not be maintained even by the 
movement of the tone set in the same tone group. 
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-y>f)V~7°m&t%5*<D v-yo)o^, StttS 20 

b-V-fe? h©-b'y h^S/aVftLow*^ 
^3 U SMJ©ifiT§ 3*©ffifr&*3 h- 
>fey hOfcy h#5?5>g VfcH i g h#S>f3 Vfc 
U *£© b-V-fe? b©-b7 htffi'a VfcM i d d 

it© 1— *>-7°©&fr©# Jg©-fey h#i^3 y-pfc 

[oo4i] hi tmrmmcws, -t 30 
wftb->©g;»m fe*u^i^s©gi©?}£5ia 

fctffisnfcfcsiESfi (HMtf a) ©/^Xi 

9 t?/^ Xoitlgfcfro ftiSJI, lift© 
-7°&^<y hfls^a yt*5^Tl{|©fWSi|-e$ 

t« (Xf^7°S 1 0 0) c ^LT, C©fi3TrX*t 
7°, Sfdi-fey b#^>3>£gJRL (Xry7°S 10 

1) , fne.§ffi^Lfeh^>sis**iA«7±t 

mt% (Xr^7°S 1 0 2) 0 
[0 0 4 2] *©& «V73m, ^fcK^LTfe^ 

^ ses^tit 1 issit 5 tffifrmmz (xt 

y7°S 10 3, Xfy7°S 10 4, NO) 0 
[0 0 4 3] -73, «?X#fr5,© h->ggg#£ 
gttlXoft (Xt?7°S 2 0 1) fiESv^^W^t^ 
TOIISIT'II, *ft£tU h-^;l/-7 , &*^b 50 
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^>3>©gM©W§^JIft5 (Xfy7'S 2 0 
2) 0 t^T©I€tfitt, Mly^WC&V 

t, mm 7 Ms nr^ § f- £ # s^tts 

Sfr 2 0 Mmio ihf Gm±%m& T<T ©Mr 

ws^TT^na; r-^7^-;v K©**±fti 

[0 0 4 4] «©IS^ h->^7*&-fey 
S/ayomiZgSt&tmiltMS (Xf?7'S 2 
0 3, NO) , *©MS*m 
f U £ ©if II £ Kft LTllf t 

5 (Xry7°S 2 0 4) 0 b-^>-7&-try 

Kf^>a y©gH££Sl/ftl^i:fl8rLfc*£ (Xr 

77°s 2 0 3, yes), zmmmm, mt% 

Zfv7°S 2 0 5©5«$trt!>o 
[0 0 4 5] fcfcxtfx fSJIVX^^MBfPlfit 1— 

ym^ZKtmz&moitffeii Uf? 7 0 s 

10 4, Y E S ) , '>& < 1 1 1 &0fflg?Z$MM> 

mm® h-y h^>a v©«e* 

ht°^> % >3 >©tM^lT^bT, {M*!;?7^!l%f!7 
(XT'y7 0 S 1 0 5) 0 tfttftU M!^7^^ 

£tt (Xry^S 10 4. NO, At77°S 10 3, Y 
ES) , t^*XMOilSI)!|fh-V^ 

t*©T\ M^X^^S, il^©h-y^7 0 & 
-try b#i»3 >^Uc b-^BHIw*4jSU 
1-^T©ISf^X ^^©IfggSt^LTs *©ft>S 
^IfltS (XT7.7°S 1 0 6) 0 fLT, I5©h- 
>7>-7'&-b7 h^^aV^ Xr77°S 1 0 IT* 

(XT77°S 1 0 7) 0 

[0 0 4 6] Sfc, Xr^7°S 2 0 3©&ltfe^T, 
•»X^lX^©I{fgl^ h-V 7>-7°&-t ^ h t° 
^>3 y©«ffiSL*l^|[JlfL/cl#ttt (Xr 

7 7° 2 o 3 , yes), mm^mmmwm 
ftzmmm%m%fr^tmmi (xf ^ 7° s 
205) , aisufei^ta (yes) , Y-yoysm 
*fib?\z®mmt%o stbfto^ttt (n 

O) , »TX#fra©g@t*£#oT (XT77°S 

2 0 6, no) , mmmmniomm afy 

7S 2 0 6, YES), |6©h-y^;l/-7&-fey h 

#^3^ OTl^©h-^^>-7&-b^ ht°e>' 

i/3 ^KSHtS (Xt7 7°S 2 0 7) „ 
[0 0 4 7] S$3, If^tfralSSt^^nfclMlfi 

-^isitf-fey ht°^>3 V^tiU ^©ftjgitS^t 
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v-y<omw^ 0 -tits h-><Dmtf>& 
mmm, it, /^XK^mmmmitirti 

5WM^</\ Lfc^T, C«<fc3%t£fcft, £ 

[o 0 4 8] HKWft^asscai^s^ 
mmmwvjjzmm 9 ?y ^©i^ff? 10 

fUttft, Il7a^MMt*3^§M|YX^ 
T4i8^X*8!a*X*~hTS (Xry7°S3 0 

o) o f it, <:©{Egv7^tfett5$jjaiiaKi or* 
ft, l0l^lT5-Mi£OTJRb (zfv7°S 

301) , ^nsm^Lfcri^Mii^t* 

»7±fc3&UT5 (Xr77°S 3 0 2) a 
[0 0 4 9] {IS^X^ft, I^I&tbT^ 

77°S 3 0 3s Xf77'S 3 0 4, NO) . 

[0050]-^ m?**i>t><nmfr£mm 

%%motc (Xry7°S 4 0 1) m?**&WDt 

mzmt* (xt77°s 4 0 2) c m<mk, - 
Mmsoii^iggts tmims Ury 7 
s 4 0 3, no), ^©i-fistm m^rnm 
mmmzmu *m mm** * km it 

SBfiTS (Xr77°S 4 0 4) , -%mfi&D 30 

mzmi^tmims (xr^s 403, 

YES) , fcDlflgfim t$t5XT77°S4 0 
5©JGat|WJt5o 

[0051] m?zz&m.mftk£® 
mmwgmt\m*%mi-o t&&& (xr 7 7° 

S 3 0 4 , Y E S ) , '>ft< t fe 1 #0flBBYX*£0|. 

•?x*m -mmmvmzmir, m-?* 

ZmmTt* (Xry7°S 3 0 5) 0 Ctltftb, 

f gvx * Krt i^^ses^t* s 40 
%%imttfrortf§$& (XT77S 3 0 4, no, 

Xr7 7°S 3 0 3, YES), t^t«lVX^^ 

Silt b, t*T ©fiEBvx* fiW 
©MfitftLT, ^/T^fTS (Xfy7°S 
3 0 6) 0 ^LT, Xr77°S 

3 0 1 z°mhrimmmm% car^s 3 0 

7) 0 

[0 0 5 2] ttc, Xry7°S 4 0 3©&atfe^T, 50 
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Ul^lliLfti^B (Xrv7°4 0 3, Y E 

s) , mm^mmmmm^mtm 
mmmtzh^ftmmh cxt^s 4 0 
5) , mimswi (yes) , ri^©« 
fffcf tjaa*«7t*. aabft^n^te (n 

0) , ^v**fr5©£H£iS&Mfg*£ffoT (x 

T7 7°S 4 0 6, NO) , ri^^lJI^SOTo 
Itffltft (Xry7°S 4 0 6, YES) , g 50-55^ 

mnmm^mmizmtz ex 

ry7°S 4 0 7) o 

[0053] eitfiisgtsi^ny-ciffgi 

tmmmwmm, if, MXicxmm 
wmk Lite o , -a© 3v y wa&Hi 

l tm% tt, mm^mmvmmmfi 

[0 0 5 4] ±EH6*itfH7l«:jRt 
b - * ^l73'^I t te^T ft, 
«OT©fllf%fTofe« ^t*^T fe, felSS7 Kg 

[0 0 5 5] fCT, *^l©^ltfe^Tft, f iCiS 

l^- b § J; 5 £ , f £ S / N WJt5£© L f 

^MfflJlhtftS-fc 5 £SI« S/Nlt©ifiF^ b^V* 

fcfb u s & tout st^ & eta 
<^cDb-y\ii]bT, ttsa&b-vtisit 

[0056] is ft, tm^mm\tvm%m 
i^T^T^§ttiT\ Y-y<vm\, t%.t>%, b- 

1^ 7 ±£^^nfc t^TClMSlOiWffll 
ffllOfB, £2B&7 0Efc%?i5 (Xr7 7°S 

Do u©tt, w^ssioT-ft, «tra§7t 
SsKsnfeii^gfi^s a swifts Uf ^ 
7°S 6 i) o «£g^$nfdifiSt^fe§l^ (x 

T77°S6 1, Yes) , MfPSllOft, POCtI 
5D3-7VK*#t3&» (XT77S6 2) , 71/-A1 
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mmh^^^yv-hmiti, (xf ? 7s 

14, Yes, Xry7S 15), fgfcgffiSftfcl 

«, »T3YyF©IlT'(i4i^t- (XryXS 
6 3, No), XryXS L 6 JMB©OT*tf taftlf \ 
[0 0 5 7] -73, Xr^XS 6 1 ©ll&VT, fll 
tg^StlfeMSIA^l^ (No) , ffflgf 1 10 
0m t»b^:/tffc5fr2$fr (Xfy7°S2) , 
tftfcS, 3*©77r^7>->;^1#£©Lt^ 

mt(os/m (ber) «eu^s^B*'§ 

*im £® Lfl^f *5Sfin?t:tt^ J: 5 (X 
ryXS 2, Yes), 0B@SSl OT'ii, HSflfi* 
«^tSt^«L, ^©IfiHtm S/Ni±© 

f ) £7'J7ll (Xry7S 3) , h->fey h©$g| 
%fi5 (Xry7S 4) o 20 
[0 0 5 8] |^-h->?>-7°ftfc&tf3 

e flS?* 3 V-»H i g h a >-» L o w#$>* a > 
^Middle #v^a VOfflT? h->fey bo?!* 
fflr\ Xfy7°S2©j«\ *&h->fcttHlt5t 
T*Xr<;>7S 1~S 4 rtitS (Xfy7'S2, N 

o) 0 iSjIittcftfcPS^f, ft±*& iftg 

[0059] *fyf2mwz\ mv-yffmz 

ftfci§£ (Xt 7 7° S 2 , No), m®% 1 0 m 30 

h-v-ty htfejts 3*© b->©^nfn 

t^TSNRr-^Wfr&fi^ (Xf^XS 

5) , c©tlT\ fc 10 7l/-A^©SNR 
t-2&¥$U:*pH 5 A^fJIftS (Xry 7° S 

6) o CCDilt, 1 07I^AtaUT^»li^tt 
(Xr77°S6, No) , 1 07WAtSt5$T?X 

T7 7°S1, S2, S5, S 6fiDjaa%»DSU^rt 
§o £LT, 1 0 7WAtlLft#& (Xr77°S 
6, Yes) , fij«10m £1— VOSNRr 
-£©¥i^ifcS^T, t&fr$, fSOLt^fi 40 

SBBW5 (Xry7°S7) « *m©^ltfe^ 
Ttt, SNR©¥±£)I^1 0 7P-^ttT^§^C 

[0 0 6 0] fcfc*& »» b->^2*W±©f ^ 
(XT77S7, No, Xr?7S8) , 0Jfl«lO 

m ssiit© s/NtWfi^nTi/^/cfe v~y 
mvmm^tmu h-ymzmt, it 
aattm m?\s-kmmm\z>\% (xt 

77°S 1) o -73, t^f-y^l*©!^ (Xf^X 50 
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S 7 , Yes), «@E§ 1 0 m ft^©-fe y KM 
(EEWf) (XT77S9) o 

[0 0 6 1] *u\ f©«E©^, wytmz 

&TX&m (XryXS 9, Yes), TOMS 
N R r-^©¥±^fi*#flLTg^>-y-b7 hftJR 
IfL (Xr^XS 1 2) , f©t, POCtb-y-by 
hS»j©n-ryK (i3©I{gISStM, m) fc*f 

m (xr^7s 1 3) o ±mmm\zo^x 

if (xr7 7°s 9, No) , »«i om mm 
mo h~y^v~7^m{&mmmm h-y 

fey «t^iJiU ¥%L/cS NRf-?©¥^ 

S 1 0) , ^©!l, POCth-^>-7^1©3Y 
>K (03©Ifll^l, i/f0 ^ttat? (Xr y 
7°S 1 1) o 

[0 0 6 2] u©^i (POCKh-V'fey hSfelib 

-y^>-7©^i=!T> Ymmmtcm) t% 

ffltPElKl 0«, StI{Mt?>fLT71y-Al{fS 

^iJIrL, 2b5«^t (Xt^7S 1 4, Y e s) , * 
©liSST-S, lf©7WAktfet, ^tl^L 
Tfet^cPOC QEB» ^fst (Xf^7S 1 
5, XT77S6 3, Yes), SBK» -fey hSUIl* 
WW^'J^I" (Xr^X'S 1 6) , ftitfS 
NRf-^^77T©^'J7 (Xr^XS 1 7) ^Hft 
L, Y-ym*$m (Xr7 7°S 1 8) , 7V-i 
(Xr^7S 1) o L/cA^T, * 
^l©«;fcv-ni, IIfgfi*^-^T-^^l 
l1-§tS,*^f^ai (Xf77°S 14, No) h 

-ymmt>m.\<\ tmom\^x 
u-mmm$&M£\ctw, p o c ^t&7 1^- 
[0 0 6 3] -73, mime, mnm\cM&7 
y vmi^y \s-k*m%htzM§\z\i (xf77°s 

14, No, Xr77°S 19, Yes), ^©IfSStt 
m SNRr-^/^yXT©^ 1 ;/ (Xr^7Sl 
7) ^HtfU Y-ytv V®m$m. (Xf^7S 
18), 7WA§r#-5«ltM5 (Xry7S 

i) o tit, mmx\ mmw\tm^y~h 
mmmmtmr^ mmmm s © ^-7 

mm7\^-!**%feird§£K\t (Xr^XS 1 
4, No, XryXS 1 9, No, Xr77°S2 0, Y 
es) , ^©lfl«?a, SNRr-^^XT©^ 
U7 (Xr77°S2 1) ^tL, 1— >^;l/-7¥l 

^fti (XT7 7S2 2) , yy-kmmm^ 

M§ (XT77'S 1) o 

[0 0 6 4] H8tasta<a&Sli, 77r^7 
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b - y Kb % ggffiftfi £ ? fe t fetf , b - y 9fr 
» 11$ tifel(ll»*f LTJS^Ht 5 ants* 

[0 0 6 5] Oft, Mj£©X7^7°S 1 2©MStl5 

fcf % I— y-feyMk SNRf-£©¥l^it ft#SHU 

SNR©tf©^f%73^f]$tS 0 ft& SNRf 

feWfi MiJ^ io 

SiS-frSo fcfc*& lft©b->b 

9 btfM i d d 1 e#5?*a Vf, fiOS/Nit©ill£ 
itg^ [** l] ©i£, SOfflSBl om IM© 
^Y~y<os/mff$RT'ibZk.mu High 
4^aMcb~y£y b£$SS£#3o fefeU *S 

mv-ymu utmh-y*m$>vt?%o 

ife, 140 h-yfey b$M i d d 1 e t^>a > 
T*, A^S/NJt©igfi^ [* 1 *] ©*§£, W» 
m 1 0 "PB, S /Nifctf KV-fey b£$ 
®]£#5o £fe, 1ft© h-V-fey htfM i d d 1 e# 20 

^S/NMiJtlSl^ [1**] ©1 
£, tOUSai om IifetS©ffi^h->©S/Nit 

jWefcs fcflK U l o wtf^ a y\c h-y-t y 

[0 0 6 6] P0f©S?re\ feWS', lft©b->tz 

[** 1] ©f£, ffittStl t©l— V? 
;v-7Vn?b-y^b£§|]b%i\ Sfe, 1ft© b 
->-t?7 btfH i ghtfi^ayi?, j&OS/Ntt©«l 

mm [* i *] ©«s> mil om s/n 30 
jt^astb-v-byh^ii^^. sfe> ift 

© h->fey btfH i g h#5>*3 i»OS/Njt 
©ilJSISJItf [1 **] ©*#, fflJPSIiotii, h 

tt©fil^-y© S /Ntt*We£3 tfiJKU m 
i d d 1 e^>ayt b->fey h%9»«€5o 
[0 0 6 7] mi©S^ f^iif, ift©b->fe 
y b^L ow^a yX\ froS/NttoMSllgStf 

'[** 1] ©t£, iiiii om JiM©^b 

-y©S/NMW?£3tffi?rU Mi dd 1 e# 
>>>a Vfc 1 — hWm^Zo £fe, 1ft© b 40 
- > -fe 7 YtfLa w t°i^> a V T\ fro S / NJ£©ai£ 
ISHtf [* 1 *] ©f£, HHilom S/Nit 
tf£ff%£k:b-Vfc<yh&&fn*€3o £fe, 1ft© 

j&g&tf [1 **] ©f£, »S11 078, o©h 

[o o 6 8] cwu*?, tmmmx^ mm*. 
a, f t«ifcfcttT?T-2afc%fT 5 c twit* 
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[0 0 6 9] £©£?£, *^l©^lfc:fovm g 

mz s /rnm^ y-y*m u mzwtmT*- 

-£©If n n pl^t^t Set Ifflte * 5 . 
[0 0 7 0] i9tt, B8fcl& gf^fclf 

5/ a >©^I%fr 5 IfS^ST?fe 5^ 7^t^7H 
>t A o fet^t fe'W , b - y ?fr~7° 

tilVlzy Y$v*yaymmft?&m*&mv 

2) o 

[0 0 7 1] fcfc*& H9K*^Tg*Wtfflfl*fT 

s©iijw§i o-cfis umivmrnjo Ufy 
7°s i) o <:©tt, »0isi om ffiitfsisg 

T7 7s 6 1) „ fifitg^^nfeifigt^ssi^ 

(Xr77°S6 1, Ye s) % Hffill 0(^ POC 
tianv>F^*t^ (XT77S6 2) , 7b- 
ASIS«<Tt, ^©7WA%l{fL (Xr7 
7S6 4) , ^tg^StlfelffiSfit^LT^SPt 

§0 ftfe ^©ffi©xr77^^T«s 08 mm 

[0 0 7 2] Sfe, 01 0t, 08fc*tf89fcPm 

xs^y Y^jy^yo)mwymtmx^ 0 Mi 

U HlOti, 7tfJ7*h-y\M%.mmmb 
f\ 7^r^ 7b-y*3J;ar7^;l/ b b->©t^t 
OlIn^vHcMLT b->^>-7°$5j;^7 b 

$w a ymm\Yommmh <o , tpivv- 

3) o 

[0 0 7 3] fewn 0 1 MLU^z%%mmm 
mwmm 1 o ^ 7 ©is*ff 5 »f 

1) , c©ht, {WffliKl 

^7 mmntms mmzfri 0 mnm% 
(xt77's 6 1) „ m%mmftf6Msmm% 

MS (Xr-^7S 6 1, Yes), »SS 1 0 & P' 
OCta^H^F^ttM (Xr^7°S 6 2) , 7 
WAl{SSt^$5l^t^©7 b-A^lfL (X 
T77°S 14, Yes, Xr^7°S 15), 
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[0 0 7 4] -15s Xry?S 6 1 <om*»T, 9M 

tm^nmmwm^M^ (no), wsn 

7°S 7 1) o fcfcfcfcf, |B|-T*&^i§£ (Xr^7°S 7 
1, No) , ^©»Stl0m SNRf-£Ay 
77®^ , J7 (XT77°S7 2) fcfcffU 

S7 3) , 7WAf{B^^itI5 (Xr^7°S 

1) o tfc, BMffcStS (Xf77°S 7 1, Y e 10 

s) , mmiom, mY-yff&zfrzw 

(Xfy7°S2) , t£fcS> 3*<7)7*f^7>-> 
ff$3^®L£He^©S/Nlt (BER) mU 

[0 0 7 5] Sft, 01 lt>, i8H2l 0£!§]$, £ 

fey i^>a >©IEl*ff 51^?£^$5o fcfc 
U BUB, 7^f^7>-Mci§tM^tPSP> 
f, 7^r^7>-yfeitfr7t;l/hh->'©t^T 20 
FfcftjSLT h-v^-T'fc.ktf-tzy h 

btjS^faiPJSI^^I) (0!I4) o HI lfc&ttS 

ifi^i^^Ttt, mom looms 
[o o 7 e] jk±x H9-v(a 1 1 mmmc&vT 

£>, fficmLK® 8 fc*Tl{§££^«©&*!ffii 

[00 7 7] mom 2 . 1 1 3bVT S, 30 

S /NittffirJtO ttlMfiW± fc&S £ 5 tllfit S 

itfe^rtts _hiBi — v^iitJin^T, m 

£©S¥?IKT 5 1 1 1 i 0 v £ 0 ifr vJc$T~Jg® 
[0 0 7 8] 0 1 2fc*tfE 1 3 tt, 40 

mmmmm20)7u-f^~vm%o zzx 

feitf-fey h#^>a fcJlMKfflftftScD 

M^i^owat^ *m®ff2i 

t«&T5o Hffi©^il©i8tSt7D-^ 
[0 0 7 9] fcfc*& Xry7°7®®ItfcVT, f 50 
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(Xt7 7°S 7, Ye s) , 
0E§lom rt$®fey HMW*^ (BEvSt) 
*«Bt«.(Xfy^S9) o *U\ ^®?§l©g 
1, A 7> m$ 2 ttTPfcfttf (Xr? 7°S 9, Ye 

s) , mm i om momi muvmz 
niftSo -75-, mom, titymttex&m 
(xryy°s 9, no) s unmi om affile 
4>© h-y^>-7'rtti{gf n i^iiM^ h->fe 
y htfft^fcfflKU I — y^;W7°# 0^# l -»# 2 
••-># 1 5©H£1— V^^ltS (XT7 7° 
S3 1) o 

[0 0 8 0] ikftox, mo v-y^-fm o 

~# 1 4®*§£ (7v?7 7°S 3 1, No), 0J'f»g 1 

oxits m&ME^o h-yffr-foogo v-yf 
)V-i°muh (xt7 7°s io), zm* poet 
h-y ?>-7°$ft©3 w f (a s ©ifgis^i, 
» *ttac? uf^^s 1 1) o mo h 

-y^l/-7°^# 1 5 0«^ (7f ^7°S 3 1 , Y e 

s) , wffiiKi om afto-3*aat&asMrr?$ 

(Xr^7°S3 2) 0 
ttfe^Ttt, -Ml/^S^D Q P S K^D B P S K 
->D B P S K+BlFI^V/^^^-<7)|lIt^$n§ 

[oosi] *<om. m£o-mmmm q p s 

KT**tltf (Xf 77°S 3 2, No) , 1 0? 

ttx tl73^D B P S K KSItS cfc 9 IcIfltP L, P 
O C fcgS7fc£&l0 ^ V y F (0 3 0H§&£&& 

m) mr&s (xr7 7°s 3 4) 0 $ /t, ss©- 

^17jS^D B P S K-pSBtltf Ur y 7° S 3 2, N 
o) , ffltSa*D B P S K+BtFI^V^-^t^l 
t5*?t«awu POCtri£iOT©3YyF 
(H3©Iil!S^M, ^) (Xry7°S 
3 4) o -73, 1&©-M173^D B P S K+m$ 
^^-y?mm (Xr7 7°S 3 2, Yes) , ^ 

^>-7°#0, -Ml73^: DQPSK) tlL, f 
CDrtSf*POCttt5i«f (Xf77°S3 3) o 
[0 0 8 2] COttffi (POCfcb-y-feyhSfetth 

^y^>-7'®Sil)3v> F^f tat nfcti) ^, 
W@I§1 OS, m«ll ^Kf^l 

7S 1 4, Yes), ^©If ItTIi, If ©71a- 
isfctfet, B^SLTfeVfcPOC^MfL (Xf 
^7S 1 5) , S&fc, t^WWW^'J 
(Xf77°S 16) , fei6 c SNRr-^^^7 
7®^U7 Ur>y7°S l 7) ^tL, h-y^i)^ 

^frft (xr77's i s) , y\y~hmmmm 

5 (Xt^7'S 1) o 

[oo 8 3] -73, mmx\ mftmtmzy 
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METHOD A ND DEVI CE FOR COMMUNICATION 

|lable for JP 2001094526 (A) Description of - 

EEs D3 const 

The EPO does not accept anfresponsibility for the accuracy of data and information originating from other authorities 
than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit for specific purposes. 



TECHNICAL FIELD 

[0001] The present invention relates to a communication method adopting a multi-carrier modulation-demodulation mode. 
More, particularly this invention relates to a communication method capable of realizing data communication using an 
existing power line by a DMT (Discrete Multi Tone) modulation-demodulation mode or an OFDM (Orthogonal Frequency 

i i i Multiplex) modulation-demodulation mode, and to a communication device capable of realizing the communication 
method It is noted, however, that the present invention should not be limited to a communication device for holding 
communication using a power line by the DMT modulation-demodulation mode. The present invention is applicable to all 
communication devices holding wire communication and radio communication through an ordinary communication line by a 
multi-carrier modulation-demodulation mode or a single-carrier modulation-demodulation mode. 

BACKGROUND ART 

[00021 A conventional communication method will be described hereinafter. In recent years, attention is being paid to "a 
power line modem" for holding communication using an existing power line without adding a new communication line so as 
to cut cost and to make an effective use of existing facilities. This power line modem conducts various processings including 
the control of electrical products inside or outside of houses, in buildings, factories, shops and the like connected by a power 
line, data communication and the like by establishing a network. 



[0003] As a power line modem of this type, one using an SS (Spread Spectrum) mode is currently proposed. This mode has 
disadvantageous if the mode is used. For example, since spectra are emitted to range all over a given band, it is difficult that 
this SS mode and other communication modes coexist. In this mode, transfer rate for a used band is low. Further, if an 
existinq power line which is not mainly intended at data communication such as a power line modem stated above is used for 
data communication, various equipment connected to the line so as to feed power to the equipment become noise sources. 
Thus, measures against noise should be taken. 

[0004] Considering these disadvantages and from the view point of high noise resistance, communication methods adopting 
a multi-carrier communication mode capable of holding communication wherein the same data is put on a plurality of 
frequency bands and communication using frequency bands less influenced by noise, are gradually proposed. In this multi- 
carrier communication mode, to-be-transmitted information data is divided and subjected to a primary modulation such as 
frequency conversion at a transmission (modulation) side and then a secondary modulation using IFFT (inverse fast Fourier 
transformation), i.e., multi-carrier modulation is conducted, thereby spreading the information data which has been subjected 
to the primary modulation to multiple carriers. A reception (or demodulation) side which has received data on the respective 
tones which data spread to the multiple carriers, performs an opposite processing to that of the transmission side, thereby 
demodulating the received data to original information data. 

[00051 According to the communication method using the conventional multi-carrier communication mode as described 
above the modulation mode for the primary modulation cannot be selectively changed. Due to this, in a communication 
environment in which noise has great influence, communication quality is enhanced by putting the same data on a plurality ot 
carriers or moving tones. For example, if the influence of noise is widespread, these measures cannot disadvantageous^ 
suppress the influence of noise and communication quality equal to or higher than a certain level cannot be 
disadvantageously maintained. 

[0006] In the environments of power line communication, in-vehicle communication by means of a navigator equipment, a 
computer an ITS communication device or other electronic equipment installed to an automobile or the like and "Strain 
communication for electric railcars and the like, the level of noise from the other equipment such as inverter noise is high, 
widespread and changeable . As a result, it is quite difficult to maintain communication quality equal to or higher than a 
certain level. Thus, anti-noise measures other than the above-stated measures are further demanded. 



[0007] It is an object of the present invention to provide a communication method capable of constantly maintaining high 
level, fixed communication quality without deteriorating characteristics even in communication environments greatly 
influenced by noise, and a communication device capable of realizing the communication method. 
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DISCLOSURE OF THE INVENTION 



[0008] The communication method according to one aspect of this invention adopts a multi-carrier modulation-demodulation 
mode as a communication mode for data communication to be held among a plurality of communication devices connected 
to a transmission line and selects tones less influenced by noise and thereby operating to maintain fixed communication 
quality The communication method comprises a first tone set movement step of monitoring the transmission line while the 
communication is held in a steady state, and judging that the communication quality cannot be maintained if there are no 
tones securing a specific standard, and moving a tone set by a predetermined method; a second tone set movement step of 
judging that the certain communication quality can be maintained and not moving the tone set if the number of tones 
securing the specific standard is equal to or higher than a predetermined number, and moving the tone set by the 
predetermined method if the number of the tones securing the specific standard is less than the predetermined number and it 
is judged that the communication quality can be maintained by moving the tone set in a same tone group; and a tone group 
movement step of moving the tone group by a predetermined method if it is judged that the communication quality cannot be 
maintained even by moving the tone set in the same tone group. 

[0009] The above-mentioned communication method preferably further comprises a change step of recognizing a present 
state by monitoring a fixed tone set to which a position of a tone set currently used for commu' cation is written at a time of 
turning on power, and changing the tone set to the present state; and a frame transmission step of transmitting a frame using 
a tone set which has been set during initialization and waiting for a response from other communication devices if the fixed 
tone set cannot be received. 

[0010] The above-mentioned communication method preferably further comprises a primary modulation mode selection step 
of selecting one of primary modulation modes having different noise resistances based on a predetermined standard rf it is 
judged that the communication quality cannot be maintained even bymaking the primary modulation modes having different 
noise resistances selectable, executing movement of the tone set in the same tone group and executing movement of the 
tone group. 

[0011] The above-mentioned communication method preferably further comprises a change step of recognizing a present 
state by monitoring a fixed tone set to which a position of a tone set currently used for communication and a primary 
modulation mode are written, at a time of turning on power, and changing the tone set to the present state; and a frame 
transmission step of transmitting a frame using a tone set which has been set during initialization and waiting for a response 
from other communication devices if the fixed tone set cannot be received. 

[0012] In the above-mentioned communication method, in the primary modulation mode selection step, a DQPSK mode, a 
DBPSK mode and a BPSK + time diversity mode are selected as the primary modulation mode in this order. 

[001 3] In the above-mentioned communication method, in the fist tone set movement step, the position of the tone set in the 
same tone group is gradually moved from either a low frequency side or a high frequency side. 

[0014] In the above-mentioned communication method, in the second tone set movement step, the position of the tone set is 
moved so that a good tone is located at a center based on a result of checking whether the specific standard can be 
secured. 

[0015] In the above-mentioned communication method, in the tone group movement step, the tone group is moved in an 
order of tone group numbers. 

method, characterized in that if a frame is received from a newly connected 
tone set 'currently used for communication is put on a fixed tone set and transmitted. 

[0017] The communication device according to one aspect of this invention adopts a multi-carrier modulation-demodulation 
mode as a communication mode for data communication to be held among a plurality of communication devices connected 
to a transmission line and selects tones less influenced by noise and to thereby maintain fixed communication quality. 
Furthermore the transmission line is monitored while the communication is held in a steady state, it is judged that the 
communication quality cannot be maintained if there are no tones securing a specific standard, and a tone set is moved by a 
predetermined method; it is judged that the certain communication quality can be maintained and the tone set is not moved if 
the number of tones securing the specific standard is equal to or higher than a predetermined number, and the tone set is 
moved by the predetermined method if the number of the tones securing the specific standard is less than the predetermined 
number and it is judged that the communication quality can be maintained by moving the tone set in a same tone group; and 
the tone group is moved by a predetermined method if it is judged that the communication quality cannot be maintained even 
by moving the tone set in the same tone group. 

[001 8] In the above-mentioned communication device, a present state is recognized by monitoring a fixed tone set to which a 
position of a tone set currently used for communication is written at a time of turning on power, and the tone set is changed 
to the present state; and a frame is transmitted using a tone set which has been set during initialization and a response from 
other communication devices is awaited if the fixed tone set cannot be received. 

[0019] In the above-mentioned communication device, one of primary modulation modes having different noise resistances is 
selected based on a predetermined standard if it is judged that the communication quality cannot be maintained even by _ 
making the primary modulation modes having different noise resistances selectable,, executing movement of the tone set in 
the same tone group and movement of the tone group. 

[0020] In the above-mentioned communication device, a present state is recognized by monitoring a fixed tone set to which a 
position of a tone set currently used for communication and a primary modulation mode are written, at a time of turning on 
power and the tone set is changed to the present state; and a frame i itts jnng a tone set which has been set 
during initialization and a response from other communication devices is awaited if the fixed tone set cannot be received. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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[0021] FIG. 1 is a block diagram showing the constitution of a communication device according to the present invention; FIG. 
2 is a block diagram showing the constitution of a frame generated in a framing processing in a framing circuit 1 and the 
constitution of a POC field in the frame; FIG. 3 is a view showing a POC modulation mode field and the contents of control 
commands; FIG. 4 is a view showing the definition of tone groups used by the communication device for data 
communication; FIG. 5 is a view showing the definition of a tone set in the tone group; FIG. 6 is a flow chart showing a tone 
movement method; FIG. 7 is a flow chart showing an ordinary modulation mode change method; FIG. 8 is a flow chart 
(Example 1-1) in a first embodiment of a communication method according to the present invention; FIG. 9 is a flow chart 
(Example 1-2) in the first embodiment of the communication method according to the present invention; FIG. 10 is a flow 
chart (Example 2-1) in the first embodiment of the communication method according to the present invention; FIG. 11 is a 
flow chart (Example 2-2) in the first embodiment of the communication method according to the present invention; FIG. 12 is 
a flow chart (Example 3-1) in the first embodiment of the communication method according to the present invention; FIG. 13 
is a flow chart (Example 3-2) in the first embodiment of the communication method according to the present invention; FIG. 
14 is a flow chart (Example 4-1) in the first embodiment of the communication method according to the present invention; 
FIG. 15 is a flow chart (Example 4-2) in the first embodiment of the communication method according to the present 
invention; FIG. 16 is a flow chart (Example 1-1) in a second embodiment of the communication method according to the 
present invention; FIG. 17 is a flow chart (Example 1-2) in the second embodiment of the communication method according 
to the present invention; FIG. 18 is a flow chart for the second embodiment of the communication method according to the 
present invention; FIG. 19 is a flow chart (Example 2-1) in the second embodiment of the communication method according 
to the present invention; FIG. 20 is a flow chart (Example 2-2) in the second embodiment of the communication method 
according to the present invei n; FIG. 21 is a flow chart (Example 3-1) in the second embodiment of the communication 
method according to the present invention; FIG. 22 is a flow chart (Example 3-2) in the second embodiment of the 
communication method according to the present invention; FIG. 23 is a flow chart (Example 4-1) in the second embodiment 
of the communication method according to the present invention; FIG. 24 is a flow chart (Example 4-2) in the second 
embodiment of the communication method according to the present invention; and FIG. 25 is a flow chart in a third 
embodiment of the communication method according to the present invention. 



BEST MODE FOR CARRYING OUT THE INVENTION 

[0022] Preferred embodiments of a communication method and a communication device according to the present invention 
will be described hereinafter in detail based on the drawings, it is noted that the present invention should not be limited to 
these embodiments. 

[0023] The communication device according to the present invention actively detects tone having a high S/N ratio (Signal to 
Noise Ratio) so as to constantly maintain a high rate, that is, so that the S/N ratio is equal to or higher than a predetermined 
threshold value, makes primary modulation modes having different noise resistances selectable and selects one of the 
primary modulation modes according to the S/N ratio of a received signal, thereby maintaining higher level, fixed 
communication quality. 

[0024] FIG. 1 is a block diagram showing the constitution of the communication device according to the present invention, in 
this embodiment and the following embodiments, an explanation will be given about a power line modem for holding data 
communication using an existing power line as a concrete example. The communication device according to the present 
inv -i i ion is not limited to the power line modem but the present invention is also applicable to all communication devices 
holding wire communication and radio communication through an ordinary communication line by means of a multi-carrier 
modulation-demodulation mode or a single-carrier modulation-demodulation mode. In addition, the meanings of a carrier and 
a tone used in the following description are the same. 

[0025] In FIG. 1 , reference character 1 denotes a framing circuit, reference character 2 denotes a primary modulator, 3 
denotes a tone selector, reference character 4 denotes an inverse Fast Fourier Trans form circuit (IFFT: Inverse Fast Fourier 
Transform), reference character 5 denotes a parallel/serial conversion circuit (P/S), and reference character 6 denotes a 
digital/analog conversion circuit (D/A). Furthermore, reference character 7 denotes a transmission line (or power line), and 
reference character 8 denotes a coupling circuit. Furthermore, reference character 9 denotes a noise measuring instrument 
and reference character 10 denotes a control circuit. Furthermore, reference character 1 1 denotes a de-framing circuit, 
reference character 12 denotes a primary demodulator, reference character 13 denotes a tone selector, reference character 
14 denotes a Fast Fourier Transform circuit(FFT: Fast Fourier Transform), reference character 15 denotes a serial/parallel 
conversion circuit (S/P), and reference character 1 6 denotes an analog/digital conversion circuit(AZD). Furthermore, 
reference character 17 denotes a carrier detector, and reference character 1 8 denotes a dummy carrier generator. The 
framing circuit 1 the primary modulator 2, the tone selector 3, the IFFT 4, the P/S 5, the D/A 6 constitute a transmission 
system. On the other hand, the A/D 16, the S/P 15, the FFT 14, the tone selector 13, the primary demodulator 12 and the de- 
framing circuit 1 1 constitute a reception system. 

[0026] In a system in which a plurality of communication devices each constituted as stated above are connected to a power 
line serving as a transmission line, the respective communication devices, for example, cooperate with one another, whereby 
it is ensured changing carriers and, after changing carriers, i.e., after moving tones, it is ensured that a communication 
device newly connected to the power line can follow up the tone movement and the change of the primary modulator. 

[0027] Operation of the above-mentioned communication device will be described. The operation of the transmission system 
will be explained first. For example, if transmission data is inputted from a data processor (not shown) connected to the 
communication device (or power line modem), the framing circuit 1 conducts a framing processing shown in FIG. 2 to be 
described later and outputs a resultant frame to the primary modulator 2. The primary modulator 2 modulates the received 
frame according to a mode instructed by primary modulation/demodulation mode selection information from the control circuit 
10, encodes the same frame to a plurality of tones in a multi-carrier modulation mode and then outputs a resultant signal to 
the tone selector 3. In this embodiment, it is assumed that the primary modulation/demodulation mode selection information 
instructed to conduct primary-modulation in a DQPSK modulation mode is inputted by default. In addition, the primary 
modulator 2 encodes the same frame to five tones (to be referred to as "tone set" hereinafter) #32, #48, #48, #64, #80 and 
#96 as shown in FIG. 4 to be described later. 

[0028] Thereafter, the tone selector 3 selects three tones #48, #68 and #80 from the tone set based on primary modulation 
mode change information from the control circuit 1 0, and outputs the selected tones to the IFFT 4. The IFFT 4 inversely 
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Fourier-transforms the received three tones #48, #68 and #80, thereby converting frequency axis data into time axis data 
and outputting the converted data to the P/S 5. 

[0029] The P/S 5 converts the parallel data outputted from the IFFT 4 into serial data, and then outputs the serial data to the 
D/A6 Finally, the D/A 6 conducts digital/analog conversion to thereby convert the serial data into an analog signal, and 
transmits the analog signal to other communication devices (not shown) connected to the power line 7 through the coupling 
circuit 8 and the power line 7. 

[0030] As a result as shown in FIG 5 to be described later, the same multi-carrier data put on the three tones away from 
one another at frequency intervals of 16 tones on the frequency axis, respectively, are outputted onto the power line 7 
Because of the fact that three multi-carrier data at frequency intervals of 16 tones are transmitted, even if noise concentrates 
in a certain frequency band, a reception apparatus receiving the data can transmit data sufficiently resistible against noise 
compared with single-carrier power line communication by as much as the frequency intervals. 

[0031] The operation of the reception system will be explained now. Since only one communication device is connected to 
the transmission line for the convenience of description, the constitution of the reception system shown in FIG. 1 1 will be 
described hereinafter. First, if multi-carrier data is transmitted from the transmission system as already described above, the 
reception system of the other communication device performs an opposite operation to that of the transmission system and 
demodulates the data. Namely, the reception system captures the three multi-carrier data transmitted from the transmission- 
side communication device. Then, the A/D 16 conducts analog/digital conversion to thereby convert the data into digital data, 
the S/P 15 converts the digital data converted from the serial data into parallel data, and outputs the parallel data to the t-t- 1 

[0032] The FFT 14 Fourier-transforms the parallel data to thereby convert the multi-carrier data on the time axis into data on 
the frequency axis, and outputs the frequency axis data to the tone selector 1 3 and the noise measuring instrument 9 Then, 
the tone selector 13 selects the three tones #48, #64 and #80 designated by the control circuit 10, and outputs the selected 
tones to the primary demodulator 12. The primary demodulator 1 2 demodulates the same data with these three tones of #48, 
#64 and #80 according to a primary demodulation mode designated by the primary modulation/demodulation mode selection 
information from the control circuit 10. 

[0033] Finally, the de-framing circuit 11 conducts a de-framing processing to the primarily demodulated data to thereby 
generate reception data, and outputs the reception data to an equipment (not shown) connected to the communication 
device. The de-framing processing is a processing opposite to the framing processing conducted by the framing circuit 1 for 
separating a preamble and a control code from the frame of the primarily modulated data and synthesizes only a data field, 
i.e., for restructuring the reception data in the form of the original transmission form. 

[0034] FIG 2 is a bock diagram showing the constitution of the frame generated in the framing processing conducted by the 
framing circuit 1 and the constitution of a POC (power Line Overhead Control) field in the frame. The frame shown in FIG. 2 
consists of a preamble field which is the region of a signal for carrier detection and symbol synchronization, a _ 
synchronization code field which is the region of a fixed code which is preset, a FrameType (FT) field which is the region of a 
signal indicating the length of a data field, a HouseCode (HC) field which is the region of a house identification code, a POO 
field which is the region of control commands used on a physical layer, an R-S code field which is the region of an error _ 
correction code with respect to the FT, HC and POC fields, and the data field. This frame is generated in the framing circuit 
1 , modulated by the above-stated processing and then outputted to the transmission line 7. 

[0035] The frame on the transmission line is received by all the communication devices connected to the transmission line. If 
the control circuit 10 of one of the communication devices identifies the HC field to find that the HC field coincides with the 
HC of a house where the communication device is located, then the control circuit 1 0 judges that the data being transmitted 
on the transmission line 7 is addressed to the communication device and conducts error check/correction using the R-S 
(read Solomon) code to grasp the content of the data. If the HC field of the frame is not coincident with the HC field of the 
frame, the control circuit 10 does not operate. 

[0036] The POC field consists of a two-bit communication mode field which sets communication rate, a two-bit modulation 
mode field which indicates a selectable modulation mode, a one-bit command field which indicates control commands, a two- 
bit sub-commands indicating the functions of the control commands, an 8-bit command argument which indicates setting 
information on the respective functions, and one extension bit. The POC is used, for example, to conduct processings 
including tone movement and modulation mode change. These control commands in the POC field are added, together with 
the data, to the frame by the framing processing and separated/extracted from the frame by the de-framing processing. 

[0037] FIG 3 shows the contents of the modulation mode field and the control commands in the POC shown in FIG. 2. In 
FIG 3 only the fields related to this embodiment are shown. To be specific, if the modulation mode field is [00], DQPSK is 
selected as the primary modulation mode, if [01], DBPSK is selected, if [10], DBPSK + time diversity is selected (see FIG. 3 
(a)) A pseudo command of command [0] is one used when communication is held, in a steady state. If the pseudo command 
is [0] and a sub-command thereof is NOP [00], it indicates a command meaning "NOP: no operation is performed". If tone 
movement or modulation mode change is not made, this command is usually inserted into the command field. If the 
command is [0] and a sub-command thereof is dummy [01], it indicates a command meaning that this frame is a dummy 
frame and that no data is present in the data field and positional information on tones which > i e positional 

information on active tones (see FIG. 3(b)). The 8-bit command argument corresponding to each sub-command makes a 
setting for a current tone set. i.e., sets a present tone group, atone set position and a modulation mode. 

[0038] Further, a communication setting change command of command [1] is one used when making tone movement and 
modulation mode change. For example, if the command is [1] and a sub-command thereof is instruction [1 0], it indicates a 
command for instructing tone movement or modulation mode change. If the command is [1] and a sub-command thereof is 
notification [11], it indicates a command, for example, for notifying a communication device newly connected to the 

1 1 sion line 7 of a present state. The command argument corresponding to each sub-command makes a change 
setting/current setting, i.e., sets tone groups before and after change, the position of the tone set and a modulation mode. In 
the description which follows, an active tone set means a specific tone set (of three tones) in a specific tone group (of five 
tones) used for data communication. An active tone means one arbitrary tone among the three tones constituting the active 
tone set. A default tone set means a fixed tone set consisting of tones #48, #64 and #80. A default tone is one arbitrary tone 
among the three tones constituting the default tone set. 
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[00391 It is noted that the contents of control commands shown in FIG. 3 (b) described above is based on the following. For 
example if "active tone set (ATS) NOTEQUAL default ton set (DTS)", the ATS means NOP and the DTS means a dummy 
frame in ordinary operation (with the control command [0]). The ATS means instruction and the DTS means a dummy frame 
when a communication setting is changed (communication setting change [1]). The ATS means notification and the DTS 
means a dummy frame when a newly connected communication device is discovered. On the other hand, it A I b - u I b , 
the ATS (= DTS) means NOP in ordinary operation (with control command [0]), and the ATS (= DTS) means instruction 
when a communication setting is changed (communication setting change [1]). 

[0040] FIG 4 shows the definition of a tone group used by the communication device shown in FIG. 1 for data 
communication. For example, in the communication device for power line communication, it is assumed that there are 80 
(#17 to #96) tones at intervals of 4.3125 kHz as shown in FIG. 4 (a). A group of five tones selected at intervals of 16 tones is 
defined as a tone group, and 16 tone groups (tone groups 0 to 15) starting at tone #17 to tone #32 as shown in FIG. 4(b). 

[00411 FIG 5 shows the definition of tone sets in the above-stated tone groups. It is defined, for example, that a set of 
continuous three tones among the five tones constituting an arbitrary tone group is a tone set. Namely, the set position of a 
tone set consisting of three continuous tones at a low frequency side in each tone group is Low position , that of a tone set 
consisting of three continuous tones at a high frequency side is High position, that of a central tone set is Middle position. 
Therefore, data communication is conducted using a tone set designated at a specific set position in a specific tone group. 

[00421 Now an explanation will be given about an ordinary tone movement method and a modulation mode change method 
in the communication device shown in FIG. 1 with reference to the drawings. FIG. 6 is a flow chart showing the ordinary tone 
movement method. First, if the noise measuring instrument 9 of a certain communication device (or power line modem) 
connected to the transmission line 7 measures noise and judges that it is difficult to continue communication with a current 
tone qroup and a current set position, then the communication device becomes a virtual master in a tone movement 
processing and starts a virtual master processing (in a step S100). The control circuit 10 of this virtual master selects a tone 
group to which the current tone group is desired to be moved and a set position to which the current set position is desired to 
be moved (in a step S101), and outputs a tone change request showing the desired tone group and the desired set position 
onto the power line 7 (in a step S102). 

[00431 Thereafter the virtual master judges whether or not the master receives information indicating the rejection of change 
from a communication device other than the virtual master within a preset time (in a step S103 and "No" in a step 104). 

[00441 On the other hand, all the communication devices except for the virtual master which received the tone change 
request from the virtual master (in a step S201) judge whether to approve the change of the tone group and the set position, 
respectively (in a step S202). It is noted that each of the communication devices senses carriers and receive all 
communication data flowing on the transmission line at a physical layer level regardless of whether the data transmitted on 
the power line 7 is addressed to the communication device. If the data is addressed to a certain communication device, for 
example, the communication device passes only the data field thereof to superordinate layers and if not, the communication 
device does not operate at all. 

[00451 If a certain communication device judges that the change of the tone group and the set position is rejected ("No" in a 
step S203) the communication device generates information indicating the rejection of lone change and transmits the 
information to the virtual master (in a step S204). If judging that the change of the tone group and the set position is not 
rejected ("Yes" in the step S203), the communication device moves to a processing in a step S205 to be described later. 

[00461 For example, if the virtual master receives information indicating the rejection of tone change within a set time ("Yes" 
in the step S104) it means that at least one communication device other than the virtual master rejects the change of the 
tone group and the set position. In response, the virtual master gives up changing the tone group and the set position and 
finishes the virtual mater processing (in a step S105). On the other hand, if the virtual master does not receive the 
information indicating the rejection of tone change within the set time ("No" in the step S104, "Yes in the step S103), it 
means that all the communication devices except for the virtual master approve to change the tone group and the set 
position Therefore, the virtual mater generates a tone change instruction showing a tone group and a set position to which 
the current tone group and set position are to changed, and transmits the instruction to all the communication devices except 
for the virtual mater (in a step S106) . The virtual mater then changes the tone group and the set position of itself to the tone 
group and the set position selected in the step S101 (in a step S107). 

[0047] Further if a certain communication device other than the virtual mater judges that the device does not reject the 
change of the tone group and the set position in the processing of the step S203 ("Yes" in the step S203), the 
communication device judges whether to receive the rejection of change from the other communication devices except for 
the virtual master (in a step S205). If the certain communication device receives the rejection ("Yes" in the step S205) the 
communication device finishes a series of processings without making a tone change. If not receiving the rejection ( No in 
the step S205). the communication device waits for a change instruction from the virtual master ( No in a step S206). When 
receiving the change instruction ("Yes" in the step 206), the communication device changes the tone group and the set 
position of itself to the tone group and the set position in accordance with the change instruction (in a step S207). 

[0048] In case of a communication device newly connected to the transmission line, since the communication device does 
not recognize the tone group and the set position currently used for communication, the communication device promptly 
searches for the tone group and the set position used for communication by using the default tone set and makes a tone 
movement based on the search result. Further, a status in which the tone movement is necessary usually means that a _ 
communication state is deteriorated by noise and that some communication devices may highly likely not be able to receive 
an instruction or the like by a command issued only once. In this case, therefore, assuming that a change request or the 
rejection of change cannot be received by the command issued once, the transmission of the. change request or the 
rejection of change is conducted a plurality of times. 

[0049] FIG 7 is a flow chart showing an ordinary modulation mode change method. First, if the noise measuring instrument 9 
of a certain communication device connected to the transmission line 7 measures noise and judges that it is difficult to 
continue communication with a current tone group and a current set position, then the communication device becomes a 
virtual master in modulation mode change processing and starts a virtual master processing (m a step S300) The control 
circuit of the virtual master selects a primary modulation mode to which a current modulation mode is desired to be changed 
(in a step S301), and outputs a modulation mode change request indicating the desired primary modulation mode to the 
power line 7 (in a step 302). 
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[0050] Then the virtual master judges whether or not the virtual master receives information indicating the rejection of 
change from communication devices other than the virtual mater (in a step S303 and "NO" in a step S304). 

100511 On the other hand, all the communication devices except for the virtual master which received the modulation mode 
change request from the virtual master (in a step S401 ) judge whether to approve the change of the primary modulation 
mode (in a step S402). If judging that the change of the primary modulation mode is rejected ( No in a step S403), each 
communication device generates information indicating the rejection of modulation mode change, and transmits the ^ 
information to the virtual master (in a step S404). If judging that the change of the primary modulation mode is not rejected 
("Yes" in the step S403), the communication device moves to a processing in a step S405 to be described later, 

[0052] For example, if the virtual master receives information indicating the rejection of modulation mode change within a set 
time ("Yes" in the step S304), it means that at least one communication device other than the virtual master rejects the 
change of the primary modulation mode. In response, the virtual master gives up changing the primary modulation mode and 
finishes the virtual master processing (in a step S305). On the other hand, if the virtual master does not r^ive the 
inforn d -'inn the rejection of modulation mode change within the set time ( No in the step S304 and YES 
step S303) then it means that all the communication devices except for the virtual master approve to change the primary 
modulation' mode. Therefore, the virtual master generates a modulation mode change instruction indicating a modulation 
mode to which the current modulation mode is to be changed, and transmits the instruction to all the communication devices 
except for the virtual master (in a step S306). Then, the virtual master change the primary modulation mode of its own to the 
modulation mode selected in the step S301 (in a step S307). 

[00531 Further if a certain communication device other than the virtual master judges that the change of the primary 
modulation mode is not rejected in the step S403 ("Yes" in the step S403), then the communication device other than the 
virtual master judges whether to receive the rejection of the modulation mode change from the other communication devices 
except for the virtual master (in a step S405). If judging not to receive the rejection ("No" in the step S405), the 
communication device waits for the modulation mode change instruction from the virtual master (No in a step S406). When 
receiving the modulation mode change instruction ("Yes" in the step S406), the communication device changes the primary • 
modulation mode of its own to the modulation mode in accordance with the instruction (in a step S407). 

[00541 In case of a communication device newly connected to the transmission line, since the communication device does 
not recognize the primary modulation mode currently used for communication, the communication device promptly searches 
for the primary modulation mode currently used for communication and changes the modulation mode of its own based on 
the search result. Further, a status in which the primary modulation change is necessary usually means that a 
communication state is deteriorated by noise and that some communication devices may highly likely not be able to receive 
an instn iction or the like by a command issued only once. In this case, therefore, assuming that a change request or tl 
„f ™nnrt ho ro^oh;oH h« Hip mmmanri issued nnce. the transmission of the change request or the rc 



an instruction or the like by a command issued oniy once, in mis cas.e, uiweiuie, assunmia ■'»'°«™ i a= .v. MU v~V" "r .. 
rejection of change cannot be received by the command issued once, the transmission of the change request or the rejection 
of change is conducted a plurality of times. 

ro055] However, in the tone movement and the modulation mode change shown in FIG. 6 and FIG. 7, even if a certain 
communication device judges that change is to be made, all the communication devices connected to the transmission line 7 
can output the rejection of change. It is, therefore, possible to easily interrupt the tone movement and the modulation mode 
change Thus, even if transmission rate is slightly decreased, all the communication devices are controlled not to make the 
tone movement and the modulation mode change in response to the rejection of change from the certain communication 
device. 

[0056] Considering this in this embodiment, the communication device actively detects tones having a high S/N ratio so as 
to constantly maintain high transmission rate, i.e.. so that the S/N ratio can be maintained to be equal to or higher than a 
predetermined threshold value. Besides, the communication device moves current tones to the detected tones without 
waiting for the rejection of change from the other communication device and constantly holds communication with 
appropriate tones, thereby maintaining high level, fixed communication quality. 

[0057] FIG 8 and FIG 9 are flowcharts of the first embodiment of a communication method according to the present 
invention Here, an explanation will be given about a case of moving tones, i.e., changing a tone group and a set position 
while communication is held in a steady state. For example, if data communication is held in a steady state, the control circuit 
10 of each of all the communication devices connected to the transmission line 7 monitors the transmission line 7 (in a step 
S1 in FIG 8) At this moment the control circuit 10 judges whether or not there is a communication device newly connected 
to the transmission line 7 (in a step S61). If there is a newly connected communication device ("Yes" in the step S61), the 
control circuit 10 writes a notification command to the POC field of a frame (in a step S62). If there is a frame transmission 
request the control circuit 10 transmits the frame ("Yes" in a step S14 in FIG. 9 and in a step S15) and responds to the 
newly connected communication device. By doing so, it is possible to notify the newly connected control device which cannot 
follow up the other communication devices which are holding communication in a steady state of the position of an active 
tone set. In this case, a change instruction command is not transmitted ("No" in a step S63), processings in a step S16 and 
the following are not conducted. 

[0058] If it is judged in the step S61 in FIG. 8 that there is no newly connected communication device ("No" in the step S61). 
the control circuit 10 checks whether there is effective tones (in a step S2 in FIG. 8), i.e., whether three active tones maintain 
an S/N ratio (BER) equal to or higher than a specific threshold value. For example, if the current three active tones cannot 
maintain the specific threshold value ("Yes" in the step S2), the control circuit 10 judges that communication quality cannot 
be maintained and the communication device in which the control circuit 10 is provided clears an internal SNR data buffer 
(not shown) used to measure the S/N ratio (in a step S3) and then makes a tone set movement (in a step 54). 



[0059] In this case a set position in the same tone group is moved and the tone set is moved in the order of, for example, 
Middle position -> High position -> Low position -> Middle position, and repeats the steps S1 to S4 until effective tones are 
detected in the processing of the step S2 ("No" in the step S2). The order of movement should not be limited to the above 
and the set position may be moved in a frequency ascending order. 

[0060] If effective tones are detected in the step S2 ("No" in the step S2). the control circuit 10 averages SNR data for each 
of the three tones in the tone set during communication (in a step S5). In this state, the control circuit 1 0 judges whether SNR 
data of 10 frames have been averaged (in a step S6). If the SNR data of 10 frames have not been averaged yet ("No' in the 
step S6) the processings in the steps S1, S2, S5 and S6 are repeatedly executed until the SNR data of 10 frames have 
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been averaged. If the number of frames becomes 10 ("Yes" in the step S6), the control circuit 1 0 checks the number of 
effective tones based on the average value of the SNR data for each tone, i.e., by comparison of the average value with a 
predetermined threshold value (average value) (in a step S7). In this embodiment, the average value of the number of the 
SNR data is 10 frames; however, the average value should not be limited to 10. 

two or more effective tones ("No" in the step S7 and in a step S8), the control circuit 1 0 
„ „n S/N ratio is secured and tone movement is not, therefore, necessary and no tone 
movement is made, and the communication device turns into a frame wait state again (in a step S1). If the number of 
effective tones is 1 ("Yes" in the step S7), the control circuit 10 checks an internal set movement counter (not shown) (in a 
step S9). 

[00621 If it is found that a counter value is 2 or lower as a result of checking ("Yes" in the step 39), the control device 
determines a good tone set while referring to the average value of SNR data (in a step S12) i anc I then i writes a tone set 
movement command (communication setting change - instruction command in FIG. 3(b))to the POC field in a step S13). 
The judgment result will be described later. If it is found that the counter value is 3 as a result of checking ( No in the step 
S9) the control circuit 10 judges that there is no tone set, in the tone group with which communication is currently held, 
capable of maintaining communication quality, determines a good tone group while referring to the average value of the SNR 
data (in a step S10) and then writes a tone group movement command (communication setting change - instruction 
command in FIG. 3(b)) to the POC field (in a step S11). 

[0063] In this state (in which the movement command to move either the tone set or the tone group is written to the POC 
field) the control circuit 10 judges whether or not a frame transmission request is issued to the communication device in 
which the control circuit 10 is provided (whether to transmit user data). If there is a frame transmission request (Yes in a 
step S14 in FIG 9), the communication device transmits a preset POC (change instruction) together with an ordinary frame 
(in a step S15 and "Yes" in a step S63) and further executes the increment of the set movement counter (in a step S16) and 
the clearing of the SNR data buffer (in a step S17). After executing the tone movement (in a step S18), the communication 
device returns to a frame reception wait state (in the step S1 in FIG. 8). In this embodiment, therefore, a certain 
communication device does not intend to transmit user data ("No" in the step S14 in FIG. 9), no tone movement is made. In 
this embodiment, only if a frame transmission request is issued to the certain communication device, the communication 
device transmits a frame including a POC field to avoid unnecessary transmission. 

[0064] In the above-described state, if the certain communication device receives a set change instruction frame from the 
other communication device before a frame transmission request to the communication device occurs ("No" in the step S14 
and "Yes" in the step S19), then the communication device clears the SNR data buffer (in the step S17), executes a tone 
movement (in the step S18) and then returns to the frame reception wait state (in the step S1 in FIG. 3). Further, the 
communication device receives a group change request from the other communication device before a frame transmission 
frame transmission request to the communication device occurs ("No" in the step S14, "No" in the step S19 and "Yes" in the 
step S20 in FIG. 9), then the communication device executes the clearing of the SNR data buffer (in a step S21), executes a 
tone movement (in 'a step S22) and then returns to the frame reception wait state (in the step S1 in FIG. 8). 

[0065] The communication method shown in FIG. 8 maybe referred to as a method of a change instruction response type for 
moving a tone group and a set position only when there is a change instruction by active tones, and a transmission request 
wait type for responding to a newly connected communication device only when there is a frame transmission request. 

[0066] Next the tone set movement method in the processing in the step S12 stated above will be briefly described. The 
tone set is moved to, for example, a tone set having a good SNR numerical value while referring to the average value of the 
SNR data If the average value of the SNR data is the same, for example, the tone set is moved to a high frequency side. To 
be specific if the current tone set is at the Middle position and the S/N ratio measurement result is HI, then the contra 
circuit 10 judges that the S/N ratio of high frequency tones is good and moves the current tone set to the High position. It is 
noted that symbol * represents an ineffective tone and symbol 1 represents an effective tone. If the current tone set is at the 
Middle position and the S/N ratio measurement result is then the control circuit 10 moves the current tone set to a 
position having a good S/N ratio. If the current tone set is at the Middle position and the S/N ratio measurement result is 1 ]. 
then the control circuit 1 0 judges that the S/N ratio of low frequency tones is good and moves the current tone set to the Low 
position. 

[0067] Base on the same standard, if the current tone set is, for example, at the High position and the S/N ratio 
measurement result i | '1 than the control circuit 10 does not move the tone set in this tone group. Further, if the current 
tone set is at the High position and the S/N ratio measurement result is [*1*], then the control circuit 1 0 moves the current 
tone set to a position having a good S/N ratio. Moreover, if the current tone set is at the High position and the S/N ratio 
measurement result is [1**], then the control circuit 10 judges that the S/N ratio of low frequency tones is good and moves 
the current tone set to the Middle position. 

[0068] Based on the same standard, if the current tone set is, for example, at the Low position and the S/N ratio 
measurement result is [**1], then the control circuit 10 judges that the S/N ratio of high frequency tones is good and moves 
the current tone set to the Middle position. Further, if the current tone set is at the Low position and the S/N ratio 
measurement result is [*1*] , then the control circuit 10 moves the tone set to a position having a good S/N ratio. Moreover, if 
the current tone set is at the Low position and the S/N ratio measurement result is [1**], then the control circuit 10 does not 
move the tone set in this tone group. 

[0069] By doing so, in this embodiment, it is possible to easily move the tone set to an appropriate set position and to, 
therefore, constantly hold data communication under optimum conditions. 

[0070] As can be seen from the above, in this embodiment, all of the communication devices connected to the transmission 
line 7 cannot output the rejection of change, tones having a high S/N ratio are actively detected so that high transmission 
rate can be constantly maintained, i.e., the S/N ratio is maintained to be equal to or higher than the predetermined threshold 
value and tone movement is made soon after the tones are detected, thereby constantly holding communication with 
optimum tones. Thus, even in the communication environmei t gre inf need by noise, it is possible to constantly 
maintain high level, fixed communication quality without deteriorating characteristics. 

[00711 FIG 10 and FIG. 1 1 show a communication method for changing a tone group and a set position while 
communication is held in a steady state as in the case of FIG. 8 and FIG. 9. This method is of a change instruction response 
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type for moving the tone group and the set position only when there is a change instruction with active tones and a prompt 
response type for responding to a newly connected communication device even if there is no frame transmission request 
(Example 2). 

[0072] For example; if communication is held in a steady state FIG. 10 and FIG. 11 , the control circuit 10 of each of all the 
communication devices connected to the transmission line 7 monitors the transmission line 7 (in a step S1 in FIG. 10). At this 
moment the control circuit 10 judges whether or not there is a communication device newly connected to the transmission 
line 7 (in'a step S61) If there is a newly connected communication device ("Yes" in the step S61), then the control circuit 10 
writes a notification command to the POC field of a frame (in a step S62), transmits the frame to the other communication 
devices (in a step S64) and responds to the newly connected communication device. The remaining steps are the same as 
those shown in FIG. 8 and FIG. 9, which description will not be given herein. 

[0073] Further FIG 12 and FIG. 13 show a communication method for changing a tone group and a set position while 
communication is held in a steady state as in the case of FIG, 10 and FIG. 11 (and FIG. 8 and FIG. 9). The communication 
method shown in FIG. 12 and FIG. 13 is of a follow-up response type for making a tone group and a set position movement 
corresponding to not only a change instruction by active tones but also to all the control commands with active tones and 
default tones, and of a transmission request wait type for responding to a newly connected communication device only when 
there is a frame transmission request (Example 3). 

[0074] For example, if communication is held in a steady state in FIG. 12 and FIG. 13, the control circuit 1 0 of each of all the 
communication devices connected to the transmission line 7 monitors the transmission line 7 (in a step S1 in FIG. 12). At this 
moment the control circuit 10 judges whether or not there is a communication device newly connected to the transmission 
line 7 (in a step S61) If there is a newly connected communication device ("Yes" in the step S61), then the control circuit 10 
writes a notification command to the POC field of a frame (in a step S62), transmits the frame if there is a frame transmission 
request ("Yes" in a step S14 and in a step S15 in FIG. 13) and responds to the newly connected communication device. 

[0075] On the other hand, if it is judged in the processing in the step S61 in FIG. 12 that there is no newly connected 
communication device ("No" in the step S61), then the control circuit 1 0 judges whether or not the present setting of the 
communication device in which the control circuit 1 0 is provided is the same as the setting of the frame received from the 
other communication device (in a step S71 in FIG. 13). If the settings are not the same, for example, ("No" in the step S71), 
then the control circuit 10 executes the clearing of the SNR data buffer (in a step S72), executes a tone group and set 
position movement (in a step S73) and then returns to a frame reception wait state (in a step S1 in FIG. 12). If the settings 
are the same ("Yes" in the step S71 in FIG. 13), then the control circuit 10 checks whether there are effective tones (in a step 
S2 in FIG 12) i.e., whether three active tones maintain an S/N ratio (BER) equal to or higher than a predetermined threshold 
value. The remaining steps are the same as those in FIG. 8 and FIG. 9 stated above, which description will not be given 
herein. 

[0076] Moreover, FIG. 14 and FIG. 1 5 show a communication method for changing a tone group and a set position while 
communication is held in a steady state as in the case of FIG. 8 to FIG. 13. The method shown in FIG. 14 and FIG. 15 is of a 
follow-up response type for making a tone group and set position movement corresponding to not only a change instruction 
by active tones but also to all the control commands with the active tones and the default tones, and of a prompt response 
type for responding to a newly connected control device (Example 4). Since the communication method shown in FIG. 14 
and FIG 15 is a combination of the method shown in FIG. 10 and FIG. 11 and that shown in FIG. 12 and FIG. 13 already 
stated above, same reference characters as those in FIG. 10 to FIG. 13 denote the same constituent elements and no 
description will be given thereto. 

[0077] As can be seen, the communication methods shown in FIG. 10 to FIG. 15 can obtain the same advantages as those 
of the above-described communication method shown in FIG. 8 and FIG. 9. 

[0078] In the first embodiment, tones having a high S/N ratio are actively detected so that the S/N ratio becomes equal to or 
higher than a predetermined threshold value, and tone movement is made soon after the tones are detected, thereby 
constantly maintaining high level, fixed communication quality even in the communication environment greatly influence by 
noise without deteriorating characteristics. In this embodiment, not only the tone movement can be made but also primary 
modulation modes having different noise resistances are made selectable. By selecting one primary modulation mode based 
on a predetermined standard, it is possible to maintain higher level, fixed communication quality. 

[0079] FIG. 16, FIG. 17 and FIG. 18 are flow charts of the second embodiment of the communication method according to 
the present invention. In this embodiment, an explanation will be given about a case of changing a tone group and a set 
position and changing a primary modulation mode while communication is held in a steady state. Since the constitution of the 
communication device in this embodiment is the same as that of the communication device in the first embodiment stated 
above the same reference characters as those in the first embodiment denote the same constituent elements and no 
description will be given herein to the constituent elements. In addition, the same steps as those in the first embodiment 
shown in FIG. 8 and FIG. 9 are denoted by the same reference characters and will not be described herein. 

[0080] In a processing in a step S7 shown in FIG. 16, for example, if the number of effective tones is one ("Yes" in the step 
S7 in FIG 16), then a control circuit 10 checks an internal set movement counter (not shown) (in a step S9), If it is found that 
a counter value is equal to or lower than 2 as a result of checking ("Yes" in the step S9), the control circuit 1 0 executes the 
same processing as that in the first embodiment. If it is found that the counter value is 3 as a result of checking ("No" in the 
step 39) the control circuit 10 judges that there is no tone set capable of maintaining communication quality in a tone group 
currently used for communication and changes the tone group in the order of tone group 0 -> 1 -> 3 ... -> 1 5 (in a step S31 in 
FIG. 18). 

[0081] Therefore, if the current tone group is one of the tone groups 0 to 14 ("No" in the step S31), the control circuit 10 
selects a tone group next to the tone group currently used for communication (in a step S10 in FIG. 16) and then writes a 
tone group movement command (communication setting change-instruction command in FIG. 3(b)) (in a step S11). If the 
current tone group is tone group 15 ("Yes" in the step S31 in FIG. 18), the control circuit 10 checks the current primary 
modulation mode (in a step S32). In this embodiment, it is assumed that the primary modulation mode is set in the order of 
DQPSK -> DBPSK -> DBPSK + time diversity ->.... 

[0082] As a result of checking, if the current primary modulation mode is DQPSK ("No" in the step S32), the control circuit 10 
controls the modulation mode to be changed to DBPSK and writes a modulation mode change command (communication 
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setting change - instruction command in FIG. 3 (b)) to the POC of a frame (in a step S34). If the current primary modulation 
mode is DBPSK ("No" in the step S32), the control circuit 10 controls the modulation mode to be changed to DBPSK + time 
diversity and writes a modulation mode change command (communication setting change -instruction command in FIG. 3 
(b)) to the POC (in the step S34). If the current primary modulation mode is DBPSK + time diversity ("Yes" in the step S32), 
the control circuit 10 returns the modulation mode and the set position to the respective default values (tone group 0; primary 
modulation mode: DQPSK) and writes the contents thereof to the POC (in the step S33). 

[0083] In this state (in which the movement command to move either the tone set or the tone group is written to the POC), 
the control circuit 10 judges whether or not there is a frame transmission request to the communication device which the 
control circuit 10 is provided (whether to transmit user data). If there is a frame transmission request ("Yes" in a step S14 in 
FIG. 17), then the communication device transmits a preset POC field, together with an ordinary frame (in a step S15), 
executes the increment of the set movement counter (in a step S16) and the clearing of the SNRdata buffer (in a step S17). 
After executing the tone movement (in a step S1 8), the communication device returns to a frame reception wait state (in a 
stepSI in FIG. 16). 

[0084] In the above-described state, if a certain communication device receives a set change instruction frame from the other 
communication device before a frame transmission request is to the communication device occurs ("No" in the step S14 and 
"Yes" in the step S1 9 in FIG. 17), then the communication device clears the SNR data buffer (in the step S1 7), executes a 
tone movement (in the step S18) and then returns to the frame reception wait state (in the step S1 in FIG. 16). Further, in this 
state, if the certain communication device receives a group change request frame from the other communication device 
before a frame transmission request to the certain communication device occurs ("No" in the step S14, "No" in the step S19 
and "Yes" in the step S20 in FIG. 17), then the certain communication device executes the clearing of the SNR data buffer 
(in a step S21), executes a tone group movement (in a step S22) and then returns to the frame reception wait state (in the 
step S1 in FIG. 16). Moreover, in the above state, if the certain communication device receives a group primary mode 
request frame from the other communication device before a frame transmission request to the certain communication 
device occurs ("No" in the step S14, "No" in the step S19, "No" in the step S20 and "Yes" in the step S41 in FIG. 17), then 
the certain communication device executes the clearing of the SNR data buffer (in a step S42), executes the tone group 
movement and the primary modulation mode change (in a step S43) and then returns to the frame reception wait state (in 
the stepSI in FIG. 16). 

[0085] As can be seen from the above, in this embodiment, tones having a high S/N ratio are actively detected so that the 
S/N ratio constantly becomes equal to or higher than a predetermined threshold value and the tone movement is executed 
soon after the tones are detected, thereby constantly holding communication with optimum tones. Besides, primary 
modulation modes having different noise resistances are made selectable and one of the modes is selected based on a 
predetermined standard, whereby it is possible to maintain higher level, fixed communication quality even in the 
communication environment greatly influenced by noise without deteriorating characteristics. 

[0086] FIG. 19 and FIG. 20 show a communication method for changing a tone group, a set position and a primary 
modulation mode while communication is held in a steady state as in the case of FIG. 16 and FIG. 17. The communication 
method shown in FIG. 19 and FIG. 20 is of a change instruction response type for making a tone group, set position and 
primary modulation mode movement only when there is a change instruction with active tones and of a prompt response 
type for responding to a newly connected communication device (Example 2). This method corresponds to the 
communication method described above with reference to FIG. 10 and FIG. 11. 

[0087] Further, FIG. 21 and FIG. 22 show a communication method for changing a tone group, a set position and a primary 
modulation mode while communication is held in a steady state as in the case of the method shown in FIG. 16 and FIG. 17 
or FIG. 19 and FIG. 20. The communication method shown in FIG. 21 and FIG. 22 is of a follow-up response type for making 
a tone group, the set position and primary modulation mode movement corresponding to not only a change instruction with 
active tones but also to all the control commands with active tones and default tones, and of a transmission request wait type 
for responding to a newly connected communication device only when a frame transmission request is issued (Example 3). 
This method corresponds to the communication method shown described above with reference to FIG. 12 and FIG. 13. 

[0088] Moreover, FIG. 23 and FIG. 24 show a communication method for changing a tone group, a set position and a 
primary modulation mode while communication is held in a steady state as in the case of the method shown in FIG. 16 and 
FIG. 17, FIG. 19 and FIG. 20, and FIG. 21 and FIG. 22. The communication method shown in FIG. 23 and FIG. 24 is of a 
follow-up response type method for making a tone group, set position and primary modulation mode movement 
corresponding to not only a change instruction with active tones but also all the control commands with active tones and 
default tones, and of a prompt response type for responding to a newly connected communication device (Example 4). This 
method corresponds to the communication method described above with reference to FIG. 14 and FIG. 15. 

[0089] In the first and second embodiments, description has been given to a case of changing a tone group and a set 
position and changing a primary modulation mode while communication is held in a steady state. Next, an explanation will be 
given about an operation for changing a tone group, a set position and a primary modulation mode conducted by a 
communication device newly connected to the transmission line. 

[0090] FIG. 25 is a flow chart of in a third embodiment of the communication method according to the present invention. It is 
noted that this embodiment illustrates an operation before the flow charts described in the first and second embodiments, 
and when the processings in the flow charts are finished, the processings in the step 1 in FIG. 8, FIG. 10, FIG. 12, FIG. 14, 
FIG. 16, FIG. 19, FIG. 21 and FIG. 23 are executed. Further, the flow chart shown in FIG. 25 corresponds to the second 
embodiment. Therefore, if the flow chart shown in FIG. 25 is made to correspond to the first embodiment, a primary 
modulation mode change operation in a step S54 is not carried out. 

[0091] When a certain communication device is connected to the transmission line 7 and power is turned on in this state, the 
communication device is initialized first (in a step S52 in FIG, 25) and then turns into a frame reception wait state (in a step 
S52). This initialization includes a timer reset processing to be described later, and default tone group and default set 
position settings shown in FIG. 4 and FIG. 5. Further, when the communication device turns into the wait state, a timer starts. 

[0092] For example, if the value T of the timer is equal to or lower than a predetermined value T1 and the communication 
device receives the frames of a default tone set (in a step S53), the control circuit 1 0 grasps the content.of the frames and 
changes the positions of a tone group, a set position and a primary modulation mode to those of an active tone set currently 
used for communication (in a step S54). In this sate, the certain communication device turns into a frame wait state. 
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[0093] On the other hand, if the communication device waits to receive the default tone set (in the step S52, "No' in the step 
S53 and "No" in the step S55) and cannot receive the frame of the default tone set even with the timer value T exceeding the 
predetermined value T1 ("No" in the step S53 and "Yes" in the step S55), then the control circuit 10 judges whether or not a 
frame transmission request is issued (in a step S56). If there is no request ("No" in the step S56), the communication device 
turns into the frame reception wait state again (in the step S52). If there is a request ("Yes" in the step S56), the 
communication device transmits the frame of the tone set which was set in the initialization (in a step S57). In this state, the 
communication device turns into a normal frame reception wait state (in the steps.SI in FIG. 8, FIG. 10, FIG. 12, FIG. 14, 
FIG 16, FIG. 19. FIG. 21 and FIG. 23). The other communication devices which hold communication in a steady state, write 
a communication command to the POC of the frame in response to the transmission frame from this newly connected 
communication device, and transmit the frame . By doing so, the newly connected communication device can follow up the 
changes (of tone groups, set positions and primary modulation modes) of the other communication devices. 

[0094] As can be understood from the above, in this embodiment, a newly connected communication device can easily grasp 
the positions of active tones by checking the default tones. Besides, even if power is turned on and no communication is held 
on the transmission line, the communication device can change the tone group and set position of the active tone set and the 
primary modulation mode by the transmission of a frame from the communication device, thereby making it possible to easily 
follow up the active tones of the other communication devices. 

[0095] As stated so far, according to the present invention, all of the communication devices connected to the transmission 
line cannot output the rejection of change, tones having a high S/N ratio are actively detected so that high transmission rate 
can be constantly maintained, i.e., the S/N ratio is maintained to be equal to or higher than a predetermined threshold value, 
and tone movement is made soon after the tones are detected, thereby constantly holding communication with optimum 
tones. Thus, it is possible to advantageously obtain a communication method capable of constantly maintaining high level, 
fixed communication quality without deteriorating characteristics even in the communication environment greatly influenced 
by noise. 

[0096] Furthermore, even a newly connected communication device can easily grasp the positions of the active tones by 
checking the default tones. Besides, even if power is turned on and no communication is held on the transmission line, the 
communication device can change the tone group and set position of the active tone set by the transmission of a frame from 
the communication device. Thus, it is possible to advantageously obtain a communication method capable of easily following 
up the active tones of the other communication devices. 

[0097] Furthermore tones having a high S/N ratio are actively detected so that the S/N ratio becomes equal to or higher than 
a predetermined threshold value, and tone movement is made soon after the tones are detected, thereby constantly holding 
communication with optimum tones. Besides, primary modulation modes having different noise resistances are made 
selectable and selected based on a predetermined standard. Thus, it is possible to advantageously obtain a communication 
device capable of maintaining higher level, fixed communication quality even in the communication environment greatly 
influenced by noise without deteriorating characteristics. 

[0098] Furthermore, even a newly connected communication device can easily grasp the positions of the active tones by 
checking the default tones. Besides, even if power is turned on and no communication is held on the transmission line, the 
communication device can change the tone group and set position of the active tone set by the transmission of a frame from 
the communication device. Thus, it is possible to advantageously obtain a communication method capable of easily following 
up the active tones of the other communication devices. 

[0099] Furthermore, it is possible to advantageously take account of characteristics and simplicity by selecting the primary 
modulation mode in the order of DQPSK, DBPSK and BPSK + time diversity, and to advantageously execute all the 
modulation modes with high efficiency. 

[0100] Furthermore, by moving the position of the tone set in the same tone group in a frequency ascending order or a 
frequency descending order, it is advantageously possible to efficiently move all the tone sets without exception. 

[0101] Furthermore, by moving the position of a tone set so that a good tone is at the center of the tone set based on a result 
of checking whether a specific standard is satisfied, it is advantageously possible to move to an optimum tone set. 

[0102] Furthermore, by moving tone groups in the order of tone group numbers, it is advantageously possible to efficiently 
move all the tone groups without exception. 

[0103] Furthermore, a newly connected communication device which has not been able to follow up other communication 
device which are holding communication in a steady state, can be advantageously notified of the position of the active tone 
set. 

[0104] Furthermore, tones having a high S/N ratio are actively detected so that high transmission rate can be constantly 
maintained i e the S/N ratio is maintained to be equal to or higher than a predetermined threshold value, and tone 
movement is made soon after the tones are detected, thereby constantly holding communication with optimum tones. Thus, 
it is possible to advantageously obtain a communication device capable of constantly maintaining high level, fixed 
communication quality without deteriorating characteristics even in the communication environment greatly influenced by 
noise. 

[0105] Furthermore, even a newly connected communication device can easily grasp the positions of active tones by 
checking the default tones . Besides, even if power is turned on and no communication is held on the transmission line, the 
communication device can change the tone group and set position of the active tone set by the transmission of a frame from 
the communication device. Thus, it is possible to advantageously obtain a communication device capable of easily following 
up the active tones of the other communication devices. 

[0106] Furthermore, tones having a high S/N ratio are actively detected so that the S/N ratio becomes equal to or higher than 
a predetermined threshold value, and tone movement is made soon after the tones are detected, thereby constantly holding 
communication with optimum tones. Besides, primary modulation modes having different noise resistances are made 
selectable and selected based on a predetermined standard. Thus, it is possible to advantageously obtain a communication 
device capable of maintaining higher level, fixed communication quality without deteriorating characteristics even in the 
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communication environment greatly influenced by noise. 

[01 07] Furthermore, even a newly connected communication device can easily grasp the positions of active tones by 
checking the default tones. Besides, even if power is turned on and no communication is held on the transmission line, the 
communication device can change the tone group and set position of the active tone set and the primary modulation mode 
by the transmission of a frame from the communication device. Thus, it is possible to advantageously obtain a 
communication device capable of easily following up the active tones of the other communication devices. 



INDUSTRIAL APPLICABILITY 



[0108] As stated so far, the communication method and the communication device according to the present invention are 
effective for communication using a transmission line which may be possibly influenced by noise, and particularly suited for a 
power line modem holding data communication using an existing power line (electric light power line). 



Last updated: 26.04.2011 Worldwide Database 5.7.23; 93p 



http://worldwide.espacenetxom/publicationDetails/description?CC=JP&NR=2001094526A&KC=A... 7/26/2011 



espacenet - Claims 



Page 1 of 2 




lc!Ff%R3&ifll$kAT!ON 



[2001094526 (A) 



Claims not available for JP 2001094526 (A) 

Claims of corresponding document: EP 1133092 (A1) 

Translate this text Claims tree 

The EPO does not accept any responsibility for the accuracy of data and information originating from other authorities 
than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fit for specific purposes. 



1 . A communication method of adopting a multi-carrier modulation-demodulation mode as a communication mode for data 
communication to be held among a plurality of communication devices connected to a transmission line, and selecting tones 
less influenced by noise and thereby maintaining fixed communication quality, the method comprising: 

a first tone set movement step of monitoring the transmission line while the communication is held in a steady state, and 
judging that the communication quality cannot be maintained if there are no tones securing a specific standard, and moving a 
tone set by a predetermined method; 

a second tone set movement step of judging that the certain communication quality can be maintained and not moving the 
tone set if the number of tones securing the specific standard is equal to or higher than a predetermined number, and moving 
the tone set by the predetermined method if the number of the tones securing the specific standard is less than the 
predetermined number and it is judged that the communication quality can be maintained by moving the tone set in a same 
tone group; and 

a tone group movement step of moving the tone group by a predetermined method if it is judged that the communication 
quality cannot be maintained even by moving the tone set in the same tone group. 



2. The communication method according to claim 1, further comprising: 

a change step of recognizing a present state by monitoring a fixed tone set to which a position of a tone set currently used 
for communication is written, at a time of turning on power, and changing the tone set to the present state; and 
a frame transmission step of transmitting a frame using a tone set which has been set during initialization and waiting for a 
response from other communication devices if the fixed tone set cannot be received. 



3. The communication method according to claim 1 , further comprising: 

a primary modulation mode selection step of selecting one of primary modulation modes having different noise resistances 
based on a predetermined standard if it is judged that the communication quality cannot be maintained even by making the 
primary modulation modes having different noise resistances selectable, executing movement of the tone set in the same 
tone group and executing movement of the tone group. 

4. The communication method according to claim 3, further comprising: 

a change step of recognizing a present state by monitoring a fixed tone set to which a position of a tone set currently used 
for communication and a primary modulation mode are written, at a time of turning on power, and changing the tone set to 
the present state; and 

a frame transmission step of transmitting a frame using a tone set which has been set during initialization and waiting for a 
response from other communication devices if the fixed tone set cannot be received. 



5. The communication method according to claim 3, wherein 

in the primary modulation mode selection step, a DQPSK mode, a DBPSK mode and a BPSK + time diversity mode are 
selected as the primary modulation mode in this order. 

6. The communication method according to claim 1 , wherein 

in the first tone set movement step, the position of the tone set in the same tone group is gradually moved from either a low 
frequency side or a high frequency side. 

7. The communication method according to claim 1, wherein 

in the second tone set movement step, the position of the tone set is moved so that a good tone is located at a center based 
on a result of checking whether the specific standard can be secured. 

8. The communication method according to claim 1, wherein 

in the tone group movement step, the tone group is moved in an order of tone group numbers. 

9. The communication method according to claim 1 , wherein 

if a frame is received from a newly connected communication device, information on a tone set currently used for 
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communication is put on a fixed tone set and transmitted. 

10. A communication device which adopts, a multi-carrier modulation-demodulation mode as a communication mode for data 
communication to be held among a plurality of communication devices connected to a transmission line, and selects tones 
less influenced by noise and thereby maintaining fixed communication quality, wherein 

the transmission line is monitored while the communication is held in a steady state, it is judged that the communication 
quality cannot be maintained if there are no tones securing a specific standard, and a tone set is moved by a predetermined 
method; 

it is judged that the certain communication quality can.be maintained and the tone set is not moved if the number of tones 
securing the specific standard is equal to or higher than a predetermined number, and the tone set is moved by the 
predetermined method if the number of the tones securing the specific standard is less than the predetermined number and it 
is judged that the communication quality can be maintained by moving the tone set in a same tone group; and 
the tone group is moved by a predetermined method if it is judged that the communication quality cannot be maintained even 
by moving the tone set in the same tone group. 

1 1 . The communication device according to claim 10, wherein 

a present state is recognized by monitoring a fixed tone set to which a position of a tone set currently used for 
communication is written at a time of turning on power, and the tone set is changed to the present state; and 
a frame is transmitted using a tone set which has been set during initialization and a response from other communication 
devices is awaited if the fixed tone set cannot be received. 

12. The communication device according to claim 10, wherein 

one of primary modulation modes having different noise resistances is selected based on a predetermined standard if it is 
judged that the communication quality cannot be maintained even by making the primary modulation modes having different 
noise resistances selectable, executing movement of the tone set in the same tone group and movement of the tone group. 

13. The communication device according to claim 12, wherein 

a present state is recognized by monitoring a fixed tone set to which a position of a tone set currently used for 
communication and a primary modulation mode are written, at a time of turning on power, and the tone set is changed to the 
present state; and 

a frame is transmitted using a tone set which has been set during initialization and a response from other communication 
devices is awaited if the fixed tone set cannot be received. 
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